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CURRENT VTRANS DCP SPECIFICATION

RAW DCP DATA (VIA ELECTRONIC TRANSMISSION)

RAW FWD DATA FOR STOWE-MORRISTOWN STP PS19(3)

RAW FWD DATA FOR RICHFORD-JAY STP 2914(1)

RAW FWD DATA FOR CAVENDISH-WEATHERSFIELD STP 0146(14)
INFRASENSE FWD PAVEMENT STRUCTURAL EVALUATION REPORT

RESILIENT MODULUS DATA REDUCTION FOR
STOWE-MORRISTOWN STP PS19(3)

RESILIENT MODULUS DATA REDUCTION FOR
RICHFORD-JAY STP 2914(1)

RESILIENT MODULUS DATA REDUCTION FOR
CAVENDISH-WEATHERSFIELD STP 0146(14)

RESILIENT MODULUS DATA REDUCTION FOR
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JOHNSON-MORRISTOWN STP 2919(1)

RECOMMENDED CHANGES TO THE VTRANS DCP SPECIFICATION

GEOTECHNICAL LIMITATIONS
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1.0 SUMMARY

The purpose of this study is to determine through statistical analysis if the dynamic cone
penetrometer (DCP) can be used as a reliable method of quality assurance to evaluate in-situ
resilient modulus (MR) of a reclaimed stabilized base (RSB) in full depth reclamation (FDR)
projects. DCP data collected by contractors from the RSB layer at the time of placement and
compaction from five separate full-depth reclamation projects with RSBs was provided for this
analysis. For comparison to the DCP data, Mr determined from falling weight deflectometer
(FWD) testing was obtained on three of these projects about 10 to 18 months following
construction.

While the Mr values determined by DCP were relatively repeatable within a given project,
statistical analysis on the provided data did not determine a meaningful correlation between the
MR values determined by DCP and those determined by FWD. However, it is our opinion that this
is likely due to data collection between the two methods having taken place at different times,
conditions, and locations. The Mr value of a stabilized material changes with curing time, moisture
conditions, location specific subgrade and section thickness, and confinement of the layer, among
other factors. Thus, it is unsurprising that Mr values determined with the DCP within hours or
days of placement and compaction of the RSB layer and prior to paving did not correlate well with
Mr values determined by FWD testing performed 10 to 18 months after construction and at
different locations than the DCP tests. Furthermore, Mr values obtained from correlation with
FWD data typically require verification with laboratory determined Mr values through a correction
factor, for use in the AASHTO structural number method of pavement design. This correction
factor is variable and recommended to be developed based on site specific conditions. No
laboratory testing was done as part of this study to develop the associated correction factor for
FWD.

Our recommendations are to conduct further data collection and evaluation on a future full-depth
reclamation project with a reclaimed stabilized base to collect comparative data in a more
controlled manner and at the same times, locations, and conditions. This further data collection
will be beneficial in determining whether the DCP can be used as a reliable tool to evaluate the
Mr of an RSB.

2.0 DATA COLLECTION

2.1 Information from Other State DOTs

Members of Departments of Transportations (DOTs) from Indiana, Missouri, Texas,
Pennsylvania, Minnesota, and Ohio were asked about their use of the DCP in current or past
projects to see what information relevant to this study may be readily available. These DOTs were

chosen based on available published literature that implied these DOTs had familiarity in using
the DCP. In particular, the following questions were asked:
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Have they performed any lab or field testing on Mr of a stabilized base?

Have they performed any DCP testing on a stabilized base?

Have they looked into any direct correlation between DCP and Mr for a stabilized base?
Can they share any construction specifications that include DCP (data collection or
acceptance testing or related to performance)?

b S

Responses were received from all states queried except Texas. While responses did not provide
any specific information relevant to DCP testing of RSBs, they provided some relevant
information such as how other DOTs use the DCP and values assumed for RSB materials.
Responses are summarized below:

Indiana DOT (INDOT)
INDOT Design Manual uses 80,000 psi for Mr of an aggregate drainage layer.
FDR Mg values for INDOT typically range from 60,000 to 80,000 psi. Unclear if this
applies to stabilized material. Geotechnical Engineer determines the value.

DCP testing is only used for untreated soil embankment construction. No information on
testing of RSBs.

Minnesota DOT (MnDOT)
Unaware of research performed on using DCP for design or acceptance of stabilized FDR.
MnDOT does specify that material below the RSB meet a DCP Penetration Index of 10
mm/blow. Provided links to spreadsheets used that depict using 2 blows as seating blows.
Provided links to several studies, including one which was a compilation of Appendices
from a report on the use of fly ash stabilization for reconstruction of Bituminous Roads.
This included a study in which DCP was used as a field tool in evaluating the Mr of the
stabilized material. This study used different correlation between DCP Penetration Index
and “Modulus” attributed to Davich et al. 2006 that is reportedly used by MnDOT
(E=10305-(1.06l0g(DPD)y "yye checked this correlation vs. those used in this study and found
them to provide a slightly lower Mr (generally on the order of 80% to 95% within the range
of typical DCP Penetration Index values observed in this study).
Provided a link to a study on fly-ash stabilization for low volume roads. In this study the
DCP was used to test the Mr of a fly-ash stabilized surface after approximately 7 days of
curing and prior to paving. The effect of curing was evident. This study also noted that the
CBR to Mr correlation being used in our study tended over-estimated the Mr for fly-ash
stabilized materials.

Missouri DOT (MODQOT)
DCP testing only performed on un-stabilized materials at MoDOT. Not aware of any
laboratory Mr testing having been done on stabilized base material.

Pennsylvania DOT (PennDOT)
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PennDOT has not performed DCP testing on stabilized bases and does not have Mr testing
for stabilized bases. They have not investigated a correlation between DCP and M.

Ohio DOT (ODQOT)
ODOT has not done lab or field-based Mr testing on RSBs.
ODOT has not done DCP testing on the granular base layer of their pavement (only
subgrade).
ODOT uses the USACE formula to correlate DCP to California bearing ratio (CBR) for
subgrade which is then correlated to M.
ODOT uses DCP exclusively in design. It is not used in construction.

2.2 DCP Data

In order to collect the data for the statistical analysis of this study, VTrans issued a specification
outlining a procedure for contractors to collect DCP data on reclaimed stabilized base materials
during construction. A copy of this specification is included in Appendix A. Key data collection
requirements of this specification include:

Testing is to be done in accordance with ASTM D6951, “Standard Test Methods for Use
of the Dynamic Cone Penetrometer in Shallow Pavement Applications”

Testing is to be conducted every 1,000 linear feet and within the limits of the RSB layer.
Each testing location will receive four tests. Two tests in each directional width of roadway,
with tests performed 4-feet and 10-feet from the road centerline in each direction.

Testing is to be conducted following the completion of the reclaimed stabilized base layer
and prior to the installation of subsequent surface courses.

Raw DCP data collected by different Contractors on the RSB of five recently completed projects
was provided to GEODesign for evaluation.

The projects for which we received raw DCP data from VTrans are depicted in Table 1 below.

Raw DCP data as provided to GEODesign is attached to the electronic copy of this report
(Appendix B):
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Testin Stabilization # of DCP
Project Location g Data Sets Data Format
Dates Method .
Provided
Stqwe- VT Route July to Asphalt Cell Phone Screen Shots
Morristown 100 September, Emulsion 114 Excel Tabular Format
STP PS19(3) 2020
Richford-Jay | VT Route Asphalt
STP 2914(1) 105 July, 2021 Emulsion 313 Word Document Graphs
Cavendish-
Weathersfield VT1I3{(1)ute June, 2021 Cement 105 C\;l I };h](;ne Screetn C? hOt}?
STP 0146(14) ord Document Graphs
Essex- VT Route August Asphalt Mi ft Excel Tabul
Richmond STP sust, pha 180 Icrosoft bxcel 1abular
117 2018 Emulsion Format
2931(1)
Johnson- VT Routes | August- Asphalt
Morristown 15,100, | September, ErmIJ) lsion 109 PDF File Tabular Format
STP 2919(1) and 15A 2021

Particular notes on unusual data sets from each project are as follows:

Stowe-Morristown

One data set (15+00 4°L) was significantly softer than the others (computed Mr was only
7.5% of the Stowe-Morristown RT average). It appears as if the test was performed through

a material that was not a placed and compacted RSB.

Richford-Jay

2 data sets (147+50 2°R and 423+10 2’R) were observed significantly softer than the others
(computed Mr was only 17% and 32% of the Richford-Jay RT average). It appears as if
the 2 data sets were performed through a material that was not a placed and compacted

RSB.

Files for 8 data sets locations (200+00 6°L, 206+00 6°L, 230+00 2°L, 230+00 8’L, 302+40
4’R 302+40 8’R, 308+60 2°R, and 308+60 8’R) were given with no data provided.

1 data set (219+10 4°L) was continued after refusal (less than 2mm of movement for 5
blows). This test should have been terminated.

Cavendish-Weathersfield
One data set (35+00 7°R) was reported to be located under the same date and location as a
separate data set but had different values.

UNDERGROUND INTELLIGENCE
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One data set (48+51 3°L) was significantly softer than the others, (computed Mr was only
6.4% of the Stowe-Morristown RT average) It appears as if the entire test was performed
through a material that was not a placed and compacted RSB.

Essex-Richmond
72 of the data sets did not contain station or offset information. These sets were not used
in analysis that differentiated between traveled lanes.

Johnson-Morristown
Station H142+00 Offsets 10°L and 10’R had identical data sets. It was unclear which was
correct so these were not included in our analysis of individual traveled lanes.
VTrans staff reported that DCP testing was performed using the smaller 4.6 kg hammer.
While we have corrected this data using recommended factors, this size DCP hammer is
only intended for soft soils and is not appropriate for a stabilized base material. This data
is only used for comparisons within the Johnson-Morristown set.

2.3 FWD Data

For a comparative analysis, field measurements of Mr were collected from three of these projects
in the Spring of 2022 using an FWD. FWD data collection and reduction was provided by
Infrasense of Woburn, MA. A summary of the data collection methods is as follows:

Ground penetrating radar (GPR) for each project was collected along the centerline of each
traveled lane at normal driving speeds in November of 2021. Thicknesses assumed from
the GPR were used in the backcalculation of Mr from the FWD testing.

FWD testing was performed in May 2022 using a tow behind trailer mounted FWD at
approximately 500-foot intervals in each lane of travel. Test intervals were spaced out to
750-feet in the northbound lane of the Richford-Jay project due to incoming inclement
weather. FWD test offsets from the centerline were not provided.

The projects for which we received raw FWD data from Infrasense are depicted in Table 2 below.
Refer to Appendices C through E for the raw FWD data for each of these projects respectively. A
more comprehensive discussion of the FWD data collection is provided in the Infrasense report
included in Appendix F:

UNDERGROUND INTELLIGENCE GEOCOMPANIES.COM
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Table 2: FWD Data Provided by Infrasense
. . Testing | Stabilization #of FWD Approxnn.ate Elapsed
Project Location Tests Time Since RSB
Dates Method .
Provided Placement
Stowe-
Morristown VTl%gute M;gzlz& E’ﬁpﬁﬂtﬂ 162 20-22 Months
STP PS19(3) Y
Richford-Jay | VT Route | May 19, Asphalt
STP 2914(1) 105 2022 Emulsion 135 10 Months
Cavendish-
Weathersfield VTII3{(1)ute M;gzg’ Cement 193 11 Months
STP 0146(14)

3.0 DATA REDUCTION TO Mr VALUES

3.1 DCP Data Reduction to Mr

DCP testing results were provided in several different formats including Microsoft Excel tabular
data, graphs in Microsoft Word format, and photographs of cell phone screens containing data.
GEODesign reduced the data into a common tabular format using the following approach:

1. The initial blows of each set are discounted. This approach helps adjust for lack of
surface confinement and is generally considered common practice. For the Johnson-
Morristown and Essex-Richmond projects where data was only reported in groups of 5 or
10 blows respectively, the initial group of blows was discounted from our evaluation. For
the other three projects, the initial two blows were discounted as seating blows.

2. Discrete data points are grouped into “readings” a minimum of 20-mm apart. It is
recommended practice to maintain 25-mm of travel between measurements to avoid error
associated with bouncing on large diameter particles. To meet this criterion, we grouped
individual discrete blows from the raw data together into “readings” as needed to provide
at least 25-mm of travel per reading. After performing these groupings, for some data sets
the last few blows would add up to between 20-mm and 25-mm of travel. Using guidance
from the Army Corps of Engineers (which recommends a 20-mm minimum travel
between readings be considered), we chose to include these points in our analysis.

3. Discount Outliers. GEODesign used our engineering judgement and familiarity with
performing DCP tests to discount significant outliers from the data sets. These are
typically locations where it is inferred that the test punctured through the RSB layer and

UNDERGROUND INTELLIGENCE
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into the underlying material, or an obvious deficiency in compaction was noted. This is
reasonable as we are looking to judge the repeatability of the DCP in RSB, and it would
be improper to consider outliers due to potential test data from non-RSB layers or non-
compacted zones as part of this evaluation.

4. Compute an Average DCP Penetration Index Per Test. For each of the readings, a DCP
Penetration Index is computed using the formula:

Pl = Penetration in mm / # Blows

The individual penetration indices are then averaged at each test location for the
representative penetration index of the RSB layer.

5. Compute an Average CBR. The average CBR is then computed from the average DCP
Penetration Index using the formula:

CBR (%) = 292 / P 112

This is a widely used conversion for all soils, with the exception of lean clays, with a
CBR less than 10 and fat clays. This correlation is recommended by ASTM D6951.

6. Correlate an Average Mg. The average CBR value is then correlated to MR at each test
location using the formula:

MR (psi) = 2555 x CBR %64

This formula was developed by the Transportation and Road Research Laboratory and is
an industry standard correlation between CBR and Mr. While other correlations between
Mr and CBR have been proposed, and all correlations must be used with an
acknowledgement of some degree of uncertainty, this formula has been presented for use
by the US Army Corps of Engineers (USACE), the Federal Highway Administration
(FHWA), the National Cooperative Highway Research Program (NCHRP), and the
American Association of State Highway Transportation Officials (AASHTO).

3.2 FWD Data Reduction to Mg

Data reduction of the FWD data to Mr was included as part of the Infrasense FWD testing program.
Individual layer modulus values were reported to have been computed using a Modulus version
6.0 software based on layer thicknesses estimated by their GPR survey. Refer to the Infrasense
report included in Appendix F for further description of their calculation methods.

UNDERGROUND INTELLIGENCE GEOCOMPANIES.COM
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3.3 Data Reduction for Comparison of Mg Determined by DCP vs. FWD

For the Stowe-Morristown, Richford-Jay, and Cavendish-Weathersfield projects where we were
provided both FWD and DCP data, further data reduction was performed to evaluate their potential
correlations. Since DCP and FWD tests were not taken at the same locations, the averages of each
were taken over 3000-foot stretches of road to create comparative data points for use in our
analysis. The 3,000-foot spacing was chosen as this was the minimum stretch to assure multiple
DCP tests per traveled lane were included in each comparative average. Exceptions include
Stations A 090+00 to A 120+00, A 120+00 to A 150+00 for the Stowe-Morristown project for
which there was only one DCP test in each stretch.

Additionally, the DCP data collected between Stations 061+00 to 296+00 for the Cavendish-
Weathersfield project was not provided to GEODesign, and therefore this stretch of road was
excluded in this study.

This further data reduction resulted in the following data points for our comparative analysis:

UNDERGROUND INTELLIGENCE GEOCOMPANIES.COM
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STOWE - MORRISTOWN Stowe-Morristown 3000-ft Groupings Left (LT) -
Southbound
Road Section DCPPI  DCP Mg FWD Mg
21000-24000 7.2 23,546 185,150
24000-27000 7.8 22,722 203,183
27000-30000 8.0 21,861 197,683
30000-33000 6.6 25,047 268,283
33000-36000 6.5 25,375 264,317
36000-A03000 6.9 24,191 374,800
A03000-A06000 9.7 19,089 203,450
A06000-A09000 9.5 19,352 246,667
A09000-A12000 9.4 19,470 227,633
A12000-A15000 59 27,083 211,300
A15000-A18000 6.8 24,728 143,333
A18000-A21000 7.3 23,292 178,200
A21000-A24000 6.4 25,708 138,400
Average 7.5 23,189 218,646
Standard Deviation 1.3 2,592 61,666
Stowe-Morristown 3000-ft Groupings Right (RT) -
Northbound
Road Section DCPPI  DCP Mg FWD Mr
21000-24000 8.0 22,017 182,150
24000-27000 6.9 24,578 135,857
27000-30000 7.2 23,585 131,740
30000-33000 7.6 22,953 235,200
33000-36000 7.1 24,198 264,317
36000-A03000 6.5 25,270 316,886
A03000-A06000 8.4 21,053 266,933
A06000-A09000 8.7 20,747 216,400
A09000-A12000 6.9 24,207 227,017
A12000-A15000 140,300
A15000-A18000 8.2 21,786 71,983
A18000-A21000 7.8 22,924 161,540
A21000-A24000 6.5 25,263 213,600
Average 7.5 23,215 197,225
Standard Deviation 0.7 1,560 67,778
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Richford-Jay 3000-ft Groupings Westbound

Road Section DCPPI  DCP Mg FWD Mg
13000-16000 6.3 26,083 133,725
16000-19000 6.6 24,959 210,300
19000-22000 7.9 22,372 109,067
22000-25000 8.1 21,589 65,925
25000-28000 9.1 20,162 106,000
28000-31000 6.2 26,215 92,300
31000-34000 6.8 24,668 138,275
34000-37000 6.7 24,876 108,240
37000-40000 8.4 21,120 220,700
40000-43000 7.0 24,505 146,180
43000-46000 7.0 24,852 116,925
46000-J00200 71 24,057 112,475
J00200-J03200 7.7 22,413 140,500
Average 7.3 23,682 130,816
Standard

Deviation 0.9 1,938 43,410

Richford-Jay 3000-ft Groupings

Eastbound

Road Section DCPPI DCP Mg FWD Mg
13000-16000 6.1 26,754 51,480
16000-19000 75 22,825 82,683
19000-22000 6.9 24,377 44,567
22000-25000 6.8 24,547 39,320
25000-28000 75 22,794 106,000
28000-31000 6.2 26,300 59,350
31000-34000 7.0 24,048 22,767
34000-37000 9.0 19,974 17,133
37000-40000 7.7 22,557 23,300
40000-43000 8.3 21,330 27,800
43000-46000 7.3 23,273 20,450
46000-J00200 7.6 22,708 20,800
J00200-J03200 7.4 23,291 31,875
Average 7.3 23,444 42,117
Standard

Deviation 0.8 1,832 26,944

UNDERGROUND INTELLIGENCE GEOCOMPANIES.COM

Page No. 12



Statistical Analysis of DCP Data to Evaluate Resilient Modulus of a Reclaimed Stabilized Base
Multiple Locations, VT

File No. 750-013 — September 28, 2022

Page No. 13

CAVENDISH-WEATHERSFIELD

Note - No DCP Data Included STA. 061+00 to 296+00
Cavendish-Weathersfield 3000-ft Groupings -

Westbound
DCPPI DCP Mg FWD Mg

29600 - 32600 78 23,153 1,453,150
32600 - 35600 75 23,150 1,790,600
35600 - 38600 6.8 25,056 1,165,917
38600 - 41600 79 22,139 952,367
41600 - W1200 75 23244 1,563,833
W1200 - W3200 9.1 19,953 1,243,925
W3200 - END 58 27,599 1,252,557
AVG 75| 23,470 | 1,346,050
STDEV 1.0 2,379 277,828

Cavendish-_Weathersfield 3000-ft Groupings -

Eastbound
DCPPI DCPMgr FWD Mg

29600 - 32600 6.5 25614 1,206,667
32600 - 35600 6.3 25924 1,053,033
35600 - 38600 6.4 25,759 1,182,533
38600 - 41600 75 23,262 1,532,450
41600 - W1200 85 21,653 1,267,650
W1200 - W3200 9.4 20,136 1,207,667
W3200 - END 7.0 24549 1,432,863
avg 74| 23,842 | 1,268,980
stdev 1.2 2,255 162,288
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4.0 STATISTICAL ANALYSIS
4.1 Evaluation of Repeatability

To evaluate the repeatability of the DCP vs. the FWD we evaluated the coefficient of variation
within the computed Mr values for each traveled lane at each site. While the RSB is a processed-
in-situ material, we do expect inherent variability within the product. To reduce the effect of
outliers due to variability, we also evaluated a subset of data limited to tests within 1.5 standard
deviation from the mean. For each set of data, Mr computed by DCP exhibited less variation than
Mr computed by FWD as depicted in Table 3 below.
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Table 3: Mean, Standard Deviation, Coefficient of Variance, and Sample Size for Mr Testing Methods
PROJECT | DIRECTION | Length  of | ALL DATA OUTLIERS ALL DATA OUTLIERS
Project DCP Mg RSB (psi) | REMOVED 2 FWD Mgr RSB (psi) | REMOVED 2
DCP Mg RSB (psi) FWD Mg RSB (psi)
Mean = 23541 Mean = 24572 Mean = 959901 Mean = 959901
Eastbound SDev. = 3638 Sdev. = 2731 SDev. = 732904 Sdev. = 732904
Cavendish- ‘ COV = 1§% COV = 11% COV = 7§% COV = 7§%
Weathersfield! 8.953 Miles | Sample Size = 44 Sample Size = 38 Sample Size = 95 Sample Size = 95
(47,275 Ft.) | Mean =22516 Mean = 23217 Mean = 959901 Mean = 959901
Westbound SDev. = 4267 SDev. = 3518 SDev. = 732904 SDev. = 732904
COV =19% COV =15% COV =76% COV =76%
Sample Size = 58 Sample Size = 54 Sample Size = 96 Sample Size = 96
Mean = 23981 Mean = 24276 Mean = 36153 Mean = 25906
Eastbound SDev. = 3598 SDev. = 3352 SDev. = 36833 SDev. = 17520
COV =15% COV =14% COV =102% COV =68%
Richford-Jay 7.438 Miles | Sample Size = 152 Sample Size = 146 Sample Size = 78 Sample Size =71
(39,274 Ft.) | Mean = 23935 Mean = 24332 Mean = 128857 Mean = 159652
Westbound SDev. = 4047 SDev. = 3708 SDev. = 78841 SDev. = 35868
COV =17% COV =15% COV =61% COV =22%
Sample Size = 150 Sample Size = 143 Sample Size = 55 Sample Size = 26
Mean = 23457 Mean = 23803 Mean = 193356 Mean = 155450
Northbound SDev. = 3562 SDev. = 2983 SDev. = 141926 SDev. = 104013
COV =15% COV =13% COV =73% COV =67%
Stowe- 7.550 Miles | Sample Size =56 Sample Size = 53 Sample Size = 81 Sample Size = 70
Morristown (39,861 Ft.) | Mean =22290 Mean = 23413 Mean = 217699 Mean = 201431
Southbound SDev. = 4586 SDev. =3021 SDev. = 115393 SDev. = 98571
COV =21% COV =13% COV =53% COV =49%

Sample Size = 54

Sample Size =49

Sample Size =79

Sample Size = 74
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PROJECT DIRECTION | Length  of | ALL DATA OUTLIERS ALL DATA OUTLIERS
Project DCP Mr RSB (psi) | REMOVED *? FWD Mg RSB (psi) | REMOVED *?
DCP Mg RSB (psi) FWD Mg RSB (psi)
* Due to a
large amount
of data not
;‘tl;tll‘g‘ri:‘;i ‘ Mean = 30779 Mean = 30981
Essex- 6.77 Miles | SDev. = 8680 SDev. = 6760 ) )
Richmond offset? data (35,744 Ft.) COV = 28.2% COV =21.8% Data not available Data not available
for this o T
. Sample Size = 180 Sample Size = 168
project was
not split
between
traveled lanes.
Mean = 27447 Mean = 27963
SDev. = 9987 SDev. = 7282 ) )
Eastbound COV =36% COV =26% Data not available Data not available
Johnson — 11.515 Miles | Sample Size = 54 Sample Size = 52
Morristown (60,810 Ft.) | Mean = 33647 Mean = 34775
SDev. = 8298 SDev. = 7097 ) )
Westbound COV =25% COV =20% Data not available Data not available

Sample Size = 53

Sample Size = 50

1 FWD based Mg values from Cavendish-Weathersfield are significantly higher, possibly due to the use of cement as
the stabilizing agent. All other projects were stabilized using emulsified asphalt.
2 The data within these columns is a subset including only data points within 1.5 standard deviations of the mean to
limit the influence of outliers.
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4.2 Comparative Analysis of Mg Determined by FWD vs. DCP

In general, no meaningful correlation was observed between the FWD and DCP determined Mr
values for the 3,000-foot station averages at the three projects (Stowe-Morristown, Richford-Jay,
and Cavendish-Weathersfield) for which we were provided both FWD and DCP data.

For each of these projects, the FWD data are plotted against DCP data, together with regression
curves representing best fit correlation curves using the least square method.

The R? value presented in the plots represents the coefficient of determination and is a statistical
measure of how close the data fit to the least square line. In general, the closer the R? value is to
1, the better the model fits the data, and the more likely it is that there is a true correlation between
variables. Plots and tabular data used for the comparative analysis are presented below at the end
of this section.

The one exception appears to be the Eastbound Lane for the Richford-Jay project where the FWD
determined Mr was significantly lower than other areas tested, but much closer to the DCP
determined Mr. There appears to be a meaningful correlation between the two data sets at this
location. This strong correlation held true both for direct Mr comparison as well as comparing
DCP Penetration Index directly to the FWD modulus (a power function is used for this correlation
based on the DCP to Mr conversion fomula). This appears to be an exception of all the data sets.

DCP My Vs. FWD Mg, Based On 3000' Stationing Averages
(Richford-Jay Eastbound)
(Exclude Data Beyond 1.5 SD From FWD Mean)
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PI'Vs. FWD Mg, Based On 3000' Stationing Averages (Richford-Jay
Eastbound, Exclude Data Beyond 1.5 SD From FWD Mean)
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To check the strength of the correlation between the FWD Mr and DCP Mg for this particular data
set, we computed the Pearson Correlation Coefficient (r). The Pearson Correlation Coefficient is
a commonly used statistic to measure the strength of correlation between two data sets, and is
computed by:

> (x= (-
-0 -y)

where x and y are the individual values of each data set, and X and y are the averages of each set.

Yy =

For the DCP Mr and FWD Mr data sets from the Eastbound Lane of the Richford-Jay project the
computed Pearson Correlation Coefficient’s were as follows:

Based on DCP Mr and FWD Mr
All data: r=0.26
With outliers excluded: r = 0.84

Based on DCP PI and FWD Mr
All data: r=-0.28
With outliers excluded: r =-0.79
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Commonly accepted guidelines for interpreting the Pearson Correlation Coefficient are as
follows:

Coefficient, r
Strength of
L Positive Negative
Association
Small Jto .3 -01t0-0.3
Medium 3to.5 -0.3t0-0.5
Large S5t010 -05t0-1.0

Given the above, there appears to be a small strength of association between the full data sets of
DCP and FWD data at this location, but a strong strength of association when outliers are excluded.

The reasoning for this exception is unknown. Test methods were reported to be the same as in
other test sites, and a similar length of time had elapsed between the DCP and FWD testing. We
are unaware of any reported discrepancies in material placement or construction methods in the
Eastbound lane of the Richford-Jay project compared to other locations where testing was
performed.

Data analyses for the other two sites are illustrated in figures below. As shown, no meaningful
correlation is apparent from the data of those sites.
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DCP My Vs. FWD Mg Based On 3000' Stationing Averages (Richford-Jay)
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CAVENDISH-WEATHERSFIELD
DCP Mg Vs. FWD Mg Based On 3000' Stationing Averages
(Cavendish-Weathersfield)
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5.0 SUMMARY OF ANALYSIS RESULTS

Although the analyses performed in this study did not show a correlation between the Mr
determined by DCP vs. FWD, it is our opinion that the data provided in this study was not sufficient
to determine the strength of correlation between the two methods or to provide an opinion on the
suitability of the DCP for future use as a tool to evaluate in-situ Mr of an RSB material. This was
due to discrepancies in testing conditions and deficiencies in testing methods for both the FWD
and DCP testing. Of note were the following issues which make the data sets relatively
incompatible:

A. DCP testing was performed too soon after placement and compaction. From a review of
published literature, an emulsified granular material generally will be expected to undergo a
significant increase in stiffness during the first month after placement and will continue to
gain strength for about 6-months. Furthermore, literature also suggests an initial decrease in
strength may be realized as a result of the emulsion process.

Most of the DCP Data provided for this study was reported to have been generally collected
the same day that the material was reclaimed, emulsified, and compacted or within “a few
days” afterwards based on reports from VTrans. Conversely, FWD testing was performed 10
to 22 months after construction after the RSB layer had essentially finished curing. Based on
this, it is unsurprising that the modulus results from DCP testing were significantly lower than
that observed from the FWD testing. In our opinion, this factor is by far the main contributor
of the apparently significant data discrepancy between the FWD and DCP data sets.

To evaluate the above conjecture, we compared the DCP test results that were performed on
fresh, uncured RSB to the FWD test results for material reported as “subgrade”, which per the
FWD reports generally consists of materials below the RSB layer. According to the
geotechnical reports and construction plans for these projects, the “subgrade” material through
which the FWD tests were conducted was primarily the 2- to 3-foot-thick layer of existing
base/subbase material that is left in-place during pavement reclamation operations, with a
portion of the upper material mixed with asphalt from the first-pass of the pavement
reclamation. Since the RSB is a similar material except that a stabilizing agent is added, it
would be reasonable to expect that the DCP Mg of RSB prior to curing would be similar to the
FWD Mr of the un-stabilized “subgrade” material. Upon comparing these test results, it
appears that this expectation is generally valid as depicted in the following plots:
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RICHFORD-J AY, DCP UNCURED BASE VS. FWD SUBGRADE (Est. 2’ — 3’ Old Base)
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CAVENDISH-WEATHERSFIELD, DCP UNCURED BASE VS. FWD SUBGRADE (Old Base
Unknown)
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Averages (Cavendish-Weathersfield)
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B. DCP testing was performed before paving while FWD testing was performed after
paving. Confinement provided by the overlying asphalt will have a significant effect on the
MRk of an underlying base layer. A suitable comparison cannot reasonably be expected by
performing comparative tests under these two different conditions.

C. GPR may not be appropriately sensitive for determining layer thicknesses to use in
FWD backcalculation. Backcalculated Moduli are highly sensitive to layer thickness input,
with a 10% change in layer thickness potentially resulting in a 20% or more change in
computed modulus (FHWA). From our prior experience comparing coring and borehole data
with GPR determined thickness, it is quite possible for measurements of layer thickness based
on the GPR to be off by 10% or more. Considering that the scatter of the current data sets far
exceeds 20%, the GPR induced inaccuracy is likely not the main source of this scatter.
However, this issue should be recognized and reconciled for future work.

D. DCP testing was not always performed in a consistent manner. In particular the following
inconsistencies between testing were noted:

DCP testing was reportedly not always performed with the full 8-kg hammer;
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Elapsed time between placement and compaction of the RSB and DCP testing
wasn’t documented, but based on anecdotal reports wasn’t consistent;

DCP testing was typically terminated prior to penetrating the full thickness of the
RSB. This is likely to lead to erroneous test averages for the full layer thickness.

E. FWD and DCP data sets for statistical comparison were not obtained at the same
location. Natural variations in the material, changes in layer thicknesses due to road grading,
the strength of the underlying subgrade soils and ground moisture conditions among other
factors all have an effect on the Mr of a base material at any given location. Each of these
parameters has the potential to vary significantly over any given stretch of roadway. FWD tests
and nearest DCP tests for comparison for this project were often hundreds of feet apart, thus
variations in site conditions between locations is likely.

F. Laboratory testing was not performed for modulus confirmation. Laboratory based Mr
testing is recommended in the determination of Mr values for use in the 1993 AASHTO
structural number method of pavement design. Literature suggests that backcalculated Mr values
from FWD need to be correlated to lab-based values through a constant referred to as a “C-
value”. This constant can vary widely due to numerous factors, including layer thickness,
pavement section composition, and the spacing of the FWD sensors during testing. Published C-
values for unbound granular base materials below asphalt can vary widely from 0.62 to 1.43
(FHWA). It is strongly recommended that a site-specific C-value be determined for comparing
the FWD modulus through a laboratory based repeated load triaxial compression test at an
equivalent in situ stress state.

6.0 RECOMMENDATIONS
6.1 Recommendations for DCP Testing of Cement Stabilized RSBs

FWD testing suggested Mr values of the cement-stabilized site over 900 ksi. While the variation
in the test values was high and concerns regarding the testing performed on this project have
been documented, a review of published literature indicates that values exceeding 1,000 ksi may
be expected for FDRs using cement. This stiffness is beyond the usable range of the DCP.
Generally, a material with an expected Mr greater than about 190 ksi will be outside the useful
range of the DCP due to refusal criteria. For this specific project, DCP testing was likely only
able to be completed since it was done the same day as placement and compaction of the RSB,
and therefore prior to effects from curing.

6.2 Recommendations for DCP Testing of Emulsified Asphalt Stabilized RSBs
Based on the results of this study and a review of published literature, it is recommended that
further testing be done on RSBs that use emulsified asphalt as the stabilizing agent. Further testing

should be done in a manner that allows for both DCP and FWD tests to be performed
simultaneously after the RSB has cured, and at the same locations and with greater control over
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the testing methods. DCP is frequently used as a tool to determine layer thicknesses, and as such
is complementary to the FWD testing as it will allow for better definition of layer thicknesses for
the computation of FWD determined Mr. A recommended outline for such testing is provided in
Section 7 below.

6.3 Recommendations for Modifications to the Current VIrans DCP Specification.

While current data is insufficient for finalizing of a performance-based DCP specification for
emulsified asphalt RSBs, changes to the current specification are recommended. These changes
are provided in Appendix L. Key points of the specification edits include:

A requirement that testing be performed using the full 8-kg hammer;

A minimum elapsed time between reclamation/compaction and DCP testing;
Inclusion of a requirement for 2-seating blows, which is particularly important
when the DCP test is performed on the top of the base layer prior to paving (e.g.
confinement due to asphalt is not present).

A requirement that the test be performed within 10-minutes of coring if performed
through asphalt.

A requirement of a minimum 25mm of travel between readings.

A requirement that the test be extended through the full thickness of the RSB
layer or refusal.

6.4 Possibility for DCP Use in Performance-Based Specification.

Because time is necessary for a stabilized base material to cure, field tests to measure Mr may not
be inherently practical if the intent is to use the testing as an immediate measure of Contractor
performance. Specifications would have to be written in a manner that allow for testing to be
performed following completion of construction with an incentive for the Contractor to strive for
successful results. We have authored contracts on successful projects in the past where
confirmation testing following completion of a project has been used in conjunction with a pay
retainage. This pay retainage is typically a percentage of the total contract price that is withheld
until a satisfactory inspection of the work has been completed. Such inspection could be made
contingent upon successful testing performed after project completion. Performing the field testing
outlined in Section 6.2 above over a period of several months could assist in determining an
appropriate time period between completion of construction and testing for adequate performance.

We would further suggest consideration be given to requiring DCP testing to extend through the

pavement section and into the underlying subgrade. This would be valuable in identifying outliers
in testing data related to underlying subgrade instead of the RSB material.
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7.0 POTENTIAL ADDITIONAL WORK /FUTURE PROJECT PHASE

Additional field and lab study is needed to evaluate the DCP as a tool to adequately determine the
Mk of a reclaimed stabilized base. While the full development of a complete testing program was
not part of our current scope, it is recommended that subsequent testing be conducted in a manner
that follows this general outline:

A. Collect samples of RSB material during construction and perform for laboratory Mg
and property testing. Samples for laboratory Mr testing (AASHTO T 307) should be
collected from the base course material after reclamation but prior to compaction. Station
and offset of samples collected should be recorded so future field testing can be performed
at adjacent locations. Laboratory testing should be performed on cured samples compacted
to the same moisture and density condition as the material in the field. Strength testing (i.e.
CU Triaxial) on the reclaimed stabilized materials is recommended to determine classical
materials properties (cohesion and friction angle) of the RSB material.

B. Perform field testing after completion of paving and allowing for curing. Field testing
is recommended to consist of both FWD and DCP testing and be performed after allowing
for suitable time for curing of the RSB layer. Given a lack of local testing data regarding
curing times for RSB’s following paving, testing at multiple time intervals should be
conducted if possible. This will assist in determining an appropriate minimum time to reach
required design strength, and guide the decision on how to use this testing for a potential
future performance-based specification. Our initial suggestion on the time frame for field
testing are:

2-weeks after paving;
1-month after paving;
2-months after paving;
6-months after paving; and,
1-year after paving.

If budgetary or time constraints do not allow for such a process, field testing should be
performed at the 1-year mark to assure reasonable curing has occurred. While this won’t
provide insight on a possible time period to hold contractors to in a future performance-based
specification, it will be sufficient to determine if the DCP is suitable tool for evaluating the Mr
of RSB.

C. Perform FWD and DCP tests simultaneously. Given the portability of the DCP
equipment, performing these tests simultaneously should be fairly easy to accomplish. The
following steps for the field-testing program are recommended:

i.  Conduct FWD testing first. Mark the pavement where the test is performed. While

test intervals along the test section of highway can be determined at a later date, at
a minimum it is recommended to ensure test locations occur adjacent to where
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laboratory Mr samples were obtained to minimize the influence of spatial
variability on the correlation of test results.

Core a hole through the pavement at the marked FWD test location to perform
DCP testing. Core holes should be limited to the depth of asphalt. Measure the core
for use in FWD backcalculation.

Perform DCP testing immediately upon completion of coring. DCP testing
should be performed as soon as coring is completed to prevent water from the
coring rig from disturbing the underlying material which can have an impact on
measured Mr. DCP testing should be performed in accordance with the additional
recommendation to the current VTrans specification that we provide in Section 6.3
and Appendix L.

Extend the DCP to the end of the rod stroke or refusal. Extending the DCP test
to the extent possible will not only ensure the RSB layer is penetrated, but can be
used to confirm the thickness of the RSB layer, as well as provide thicknesses of
underlying layers if present for use in the FWD calculation. This will also assist in
judging the quality of the subgrade which may assist in determining causes of
significant outliers in Mr values between test locations.

Auger or dig out RSB at the test location to confirm layer thickness. The DCP
testing alone will likely provide a sufficient thickness of the RSB layer. However,
checking this at various locations at the start of the testing to verify the reliability
of thickness determination by the DCP penetration index is recommended.

It is recommended that the results of the DCP testing should be compared to FWD Mr for
correlations to both DCP Mr as well as DCP PI. Since there is a lack of published information
regarding the applicability of current industry standard correlations to use on RSB materials
stabilized with emulsified asphalt, the results of a potential future study as outlined above may
indicate a new correlation is warranted.

8.0 LIMITATIONS

This Report is subject to the limitations included in Appendix M
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DYNAMIC CONE PENETROMETER (DCP) TESTING

1. DESCRIPTION. Work under this item requires the Contractor to perform dynamic cone

penetrometer testing of the reclaimed stabilized base layer and reporting results.

2. TESTING.

(2)

(b)
(©)

(d)

()

(f)
()

(h)

(i)

Dynamic cone penetrometer testing shall be done in accordance with the provisions
outlined in ASTM D6951, “Standard Test Method for Use of the Dynamic Cone
Penetrometer in Shallow Pavement Applications”. Testing locations shall be conducted
every 1,000 linear feet along the proposed highway alignment and within the limits of the
reclaimed stabilized base layer. Testing locations will be determined by the Engineer.

The hammer used during the test shall be the full 8-kg dual mass hammer.

Each testing location will receive four individual tests. Tests shall be positioned such that
each directional width of the roadway receives two separate tests. Tests shall be four feet
and ten feet offset and perpendicular to the roadway centerline. (Note — This may be
different if combining with FWD Testing)

Testing shall be conducted XX Months following the—eompletion placement and
compaction of the reclaim stabilized base layer and prior to the installation of any
subsequent surface courses.

When performing a DCP test through a core hole, remaining standing water shall be
removed and the test shall be completed within 10-minutes of coring to prevent excessive
saturation from water used during the coring process.

Prior to starting each test, seat the DCP with two blows from the hammer.

Measurements consist of recording the number of blows between readings. The tip should
be advanced a minimum of 25mm between readings. The target distance of tip movement
between readings is 25mm to 50mm.

The DCP testing shall be extended until at a minimum the reclaimed stabilized base layer
has been fully penetrated, or refusal is encountered. Refusal shall be considered less than 2
mm of movement after 3 blows or if the handle has deflected more than 3-inches from
vertical.

Test reports shall be provided to the Engineer immediately following testing at each testing
location. A complete test report summarizing every test within the project limits should
also be provided to the Engineer. The reports shall include, but not be limited to, the
following information: date; time; station and offset; mile marker; elapsed time since
placement and compaction of the reclaimed stabilized base layer; depth change between

blews measurements in graphical format; tetal-depth-ef penetration-with-each-data-point-in
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and number of blows vs. distance traveled in tabular format.

3. METHOD OF MEASUREMENT. The accepted quantity of Special Provision (Dynamic Cone
Penetrometer Testing) will be paid for at the Contract unit lump sum price. Payment will be full

compensation for all dynamic cone penetrometer equipment, labor, testing, test reports, and any
incidentals necessary to complete, collect and report the data tested. All necessary traffic control
needed to complete the work will be incidental to item 641.11 — Traffic Control, All-Inclusive.

4, BASIS OF PAYMENT. The quantity of Special Provision (Dynamic Cone Penetrometer Testing)
will to be paid for at the Contract lump sum price. Partial payments will be made as follows:

(a) 80% of the Contract lump sum price will be paid upon the completion of the required
testing.
(b) 20% of the Contract lump sum price will be paid upon receiving a complete report of the

testing results.

Payment will be made under:

Pay Item Pay Unit

900.645 Special Provision (Dynamic Cone Penetrometer Testing) Lump Sum
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Geotechnical Limitations
Explorations

1. The analyses and recommendations submitted in this report are based in part upon the data obtained
from widely spaced subsurface explorations. The nature and extent of variations between these
explorations may not become evident until construction. If variations then appear evident, it will be
necessary to reevaluate the recommendations of this report.

2. The generalized soil profile described in the text is intended to convey trends in subsurface conditions.
The boundaries between strata are approximate and idealized and have been developed by
interpretations of widely spaced explorations and samples; actual soil transitions are probably more
erratic. For specific information, refer to the exploration logs.

3. Water level readings and moisture conditions have been made in the explorations, and from the
samples at times and under conditions stated on the logs. These data have been reviewed and
interpretations have been made in the text of this report. However, it must be noted that fluctuations
in the level of the groundwater and moisture condition may occur due to variations in rainfall,
temperature, and other factors occurring since the time measurements were made.

Review

4. In the event that any changes in the nature, design or location of the proposed structures is planned,
the conclusions and recommendations contained in this report shall not be considered valid unless the
changes are reviewed and conclusions of this report modified or verified in writing by GEODesign,
Inc. We recommend that we be provided the opportunity to review and comment on the finalized
project design and relevant construction specifications in order that earthwork and foundation
recommendations may be properly interpreted and implemented in the design and specifications.

Use of Report

5. This report has been prepared for the exclusive use of the Vermont Agency of Transportation, for
specific application to the Statistical Analysis of DCP Data research project as described in
GEODesign’s scope of services/ contract and related documents, in accordance with generally
accepted soil and foundation engineering practices. No other warranty, express or implied, is made.

6. This report has been prepared for this specific project by GEODesign, Inc. This report is for design
purposes only and is not sufficient to prepare an accurate bid. Contractors wishing a copy of the report
may secure it with the understanding that its scope is limited to design considerations only, unless
otherwise specified in the report.

7. Unless otherwise noted, the scope of our services did not include environmental assessment or

investigation for the presence of hazardous or toxic materials in the soil, surface water, groundwater
or air, on, below, or around this site.

CONNECTICUT NEW JERSEY NEW YORK OREGON VERMONT
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